Introduction
During the last decade an increasing number of studies in northwestern British Columbia and adjacent Alaska have focused on reconstructing Holocene climate change. Palynological studies have been a major component of this research as specific plant assemblages resolved in the Holocene are considered to be proxy records of past climate/environmental conditions. Recent paleoenvironmental research in the Pacific Northwest has been conducted by Cwynar (1993) (White and Mathewes, 1982; MacDonald, 1984 MacDonald, , 1987 .
Paleoenvironmental research in the Atlin and Juneau districts suggests that changes in climate between the Coast and the Intermontane physiographic regions were out-of-phase during the Holocene (Heusser, 1960; Miller and Anderson, 1974) . More recently, Cwynar (1993) has suggested that changes in vegetation between a coastal site (Lily Lake, Alaska) and a site on the interior side of the mountain divide (Waterdevil Lake, British Columbia) may be related to changes in air mass circulation and the frequency of penetration of the moist coastal air mass into interior regions.
In this study, we investigate mesoscale paleoclimate change on the Stikine Plateau using sedimentological and fossil records.
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Abstract
A ca. 9000-yr pollen, macrofossil, and sedimentological record from a laminated sediment core obtained from Susie Lake, British Columbia, reveals changes in vegetation and inferred climate during the Holocene. The pollen record indicates that a shrub and herb assemblage (ca. 9000-7800 yr BP) was rapidly replaced by a spruce (Picea) and subalpine fir (Abies lasiocarpa) forest (ca. 7800-4000 yr BP) under the influence of warmer-than-present climate conditions. The macrofossil record indicates that an elevated treeline persisted from ca. 5200-2000 yr BP Pine pollen percentages increase significantly from ca. 5000-4000 yr BP and likely reflect the migration of P. contorta into the area. The disappearance of spruce (ca. 4000 yr BP) and fir (ca. 2000 yr BP) needles from the record indicates a gradual lowering of treeline below the elevation of Susie Lake and the establishment of the modem cold and moist climate. A pronounced increase in extralocal western hemlock (Tsuga heterophylla) pollen occurs at ca. 2000 yr BP and is coincidental with an increase in the number of debris flow-derived, fining-upward graded beds in the core. These are probably a consequence of landscape destabilization associated with treeline depression and an increase in storm frequency. Increased storm frequency may be a consequence of inland penetration of the moist Pacific air mass and the displacement of the drier continental air mass. This study suggests that substantial variations in vegetation assemblages can result from past changes in regional circulation patterns.
It has been recognized that reconstructions of past climate from pollen studies of montane sites are hindered by the abundant upslope transport of pollen from low-elevation forests (Kearney and Luckman, 1983) . However, Tranquillini (1979) has shown that treeline elevation is primarily defined by temperature, a relationship that has been used by Pellatt and Mathewes (1994), Clague et al. (1992) , Reasoner and Hickman (1989) , and others to reconstruct Holocene climate in the Cordillera of northwestern North America. The Susie Lake site was selected for this study because it is located above (but near to) present treeline, and thus may be sensitive to past treeline fluctuations. Appearance and disappearance of indicator plants and changes in sedimentation are also used to infer changes in regional paleoenvironmental/climatic conditions.
Site Description
Susie Lake is a glacier-fed, moraine-dammed lake located at an elevation of 1417 m above sea level (a.s.l.); it is one of four small lakes located at the headwaters of Susie Creek, a small tributary of the Stikine River (Fig. 1, 2 
Methodology
Core sampling at Susie Lake was carried out through ice in early June of 1992. A portable percussion coring system (Reasoner, 1993) was used to obtain several cores. Cores were recovered when penetration ceased; the average sediment core recovered was about 3.5 m in length and 7.5 cm in diameter.
Cores were frozen and transported to Calgary where they were split with a high-speed diamond rock saw, photographed and examined. All cores contained a basal diamicton overlain by gyttja with discrete graded beds. The basal core sediment was deposited over impenetrable material, presumably bedrock or till. Deposition of graded bedding is commonly a short-term event (Smith and Ashley, 1985) . The graded beds were not sampled for pollen as it was reasoned that the palynomorph assemblages contained within these sediments would not be representative of the local pollen rain and that pollen concentrations would be very low. Core SLC4, recovered from the northwest end of Susie Lake (Fig. 3) , contained the lowest number of graded beds and was logged and subsampled immediately after splitting at approximately 10-cm intervals (longer intervals in sections with numerous graded beds) for pollen. A 20-cm section of this core (245 to 225 cm) was highly deformed and consequently was not subsampled for palynomorphs and macrofossils. In all cores graded beds were preferentially concentrated in the bottom third and top third of the core (Fig. 4) . Each graded bed consisted of a fining-upwards sequence from 1 to 5 cm thick that grades from a fine to medium sand into a fine gray-colored silt.
Chronological control for core SLC4 was provided by three accelerator mass spectrometry (AMS) radiocarbon dates on twigs obtained at depths of 152, 220, and 297 cm. Dates for these samples are summarized in Table 1 .
MACROFOSSIL ANALYSIS
Macrofossils were recovered by sieving (250-Jim mesh screen) 5-cm-long core portions that had been previously subsampled for pollen. Conifer needles were identified using modem reference specimens and counted under a 40 power dissecting microscope. Samples were taken more than 1 cm away from the core barrel wall.
POLLEN ANALYSIS
Pollen analysis was conducted on 1-cm3 sediment subsamples obtained from the center of the core following the procedure of Faegri and Iversen (1975 (Habgood and Simons, 1985) . A relative pollen diagram (Fig. 5) , showing the sediment stratigraphy and the total pollen percentages, and a macrofossil diagram (Fig. 6) , with percentages of pine, spruce, and fir needles were constructed. The pollen diagram was divided by inspection into zones that appear to represent important vegetation changes. The plant macrofossil data was not zoned. Pine pollen was not separated into Haploxylon and Diploxylon subgenera as the Haploxylon/Diploxylon ratios were consistently less than 0.1. No attempt was made to distinguish species of spruce based on pollen. 10 cm FIGURE 4. Graded beds and gyttja in core SLC4. The graded beds consist of fining-upwards sequences that range form 1 cm to 10 cm thick and were probably deposited by trubidity currents. Note the sharp basal contact with the underlying gyttja. The graded beds often contain terrigenous organic material including the twig fragments that were used to date the core. The width of the core is 8 cm. upper zone boundary is marked by an increase in spruce and fir pollen and a slight decrease in willow pollen.
Results and Discussion
POLLEN ANALYSIS
This assemblage records colonization of the site by trees, shrubs and herbs. The Susie Lake site probably remained glaciated well after ice had left the trunk valley (Stikine River valley, Fig. 1 ) and arboreal species had become established. Upon deglaciation colonization of the site was, most likely, rapid. Alder, which dominates this zone, is a nitrogen fixer (Krajina et al., 1982) and readily colonizes barren rock and soil exposed upon deglaciation. Soapberry thrives under similar conditions and is commonly found in unstable, recently deglaciated areas (Birks, 1976) . The paucity of pine pollen compared with the percentages present in colonizing vegetation assemblages that included forested communities indicates that pine was not near the site at this time (Hills et al., 1985) . Fedje (1993) reports significant percentages of pine pollen (>70%) in Gwaii Haanas (Queen Charlotte Islands) before 11,000 yr BP, suggesting that pine was near or at that locality. The pine in Zone 1 probably represent coastal pine (Pinus contorta) transported by winds that funnel up the Stikine River valley. Spruce and fir pollen are characteristically transported much shorter distances than pine pollen (Faegri and Iverson, 1975) but are also present in low abundances (<4%), indicating that this pollen was also wind transported to the site. The lack of conifer needles within Zone 1 further suggests that these taxa were not present at the site.
ZONE SCL4-2
In Zone 2 (spruce-fir-alder, 285-160 cm, ca. 7800-4200 yr BP) alder accounts for 29% of the pollen spectrum on average (ranging from 20 to 51%) whereas spruce accounts for about 30% near the base of the zone but drops to an average of about 7% through the rest of the zone. Fir averages about 12% with highest percentages reached near the base of the zone. Gramineae and sage (Artemisia) and sedge are generally present in significant quantities. Spore percentages are lower although Dryopteris sp. averages about 9%. The total concentration of pollen increases to a peak of 2.9 x 105 grains/cm3 from 285 to 255 cm and then declines markedly. Percentages of Pine pollen continue to be low and average about 6%. The upper boundary of Zone 2 is marked by an increase in pine pollen and a decrease in alder pollen.
This pollen assemblage is interpreted as reflecting the establishment of a spruce-fir forest at Susie Lake. Total pollen concentrations are at their highest at the base of this zone and may represent initial high pollen production by a young forest however, the influence of variable sedimentation rates cannot be discounted. The continued significant percentages of sage and Gramineae, although slightly reduced suggests landscape instability above the site. Cwynar (1993) demonstrated the presence of western hemlock at Waterdevil Lake from prior to 5000 yr BP and noted a decline from about 4500 to 3100 yr BP followed by an increase to present. In contrast, at Susie Lake western hemlock appears post 4000 yr BP and becomes consistently present between ca. 3000 and 2000 yr BP. The increase in western hemlock pollen percentages in the Susie Lake record may correspond to the rise after 3100 yr BP that was observed at Waterdevil Lake (Cwynar, 1993) . Its consistent presence in the pollen record post ca. 3000 yr BP is probably not an indication of species migration in close proximity to the Susie Lake site. Western hemlock was not noted as being among the present forest assemblage at the site and Albright (1984) did not list western hemlock among the species familiar to the native residents (past and present) in the region. It is more likely that its presence is an indication of a change in pollen productivity to the west of the study site and/or a change in regional air circulation patterns.
MACROFOSSIL ANALYSIS
Although the earliest spruce needle fragment appeared in the core at a depth of 275 cm (ca. 7800 yr BP), abundant spruce needles were present only between 195 cm and 155 cm (pollen Zone 2), with a peak of 48 needle fragments at 195 cm (Fig. 6) . This time interval spans approximately 5200 to 4000 yr BP, and is restricted to pollen Zone 2. Spruce is not present at the site today. Fir needles first appear at ca. 5500 yr BP (upper Zone 2) and are present until ca. 2200 yr BP (lower Zone 4). At present, fir is found as isolated krummholz just below Susie Lake and as mature stands about 50 m below the site.
The macrofossil assemblage records treeline fluctuation and the appearance and disappearance of a spruce/fir forest assemblage at Susie Lake. Regional warming during the early Holocene resulted in the transition from a shrub and herb assemblage to a spruce/fir forest at ca. 5200 yr BP under the influence of a warmer-than-present climate. A solitary spruce needle was deposited at ca. 7800 yr BP is not considered to be convincing evidence for an elevated treeline. These conditions persisted until ca. 4000 yr BP when spruce needles disappeared and a subalpine fir-dominated parkland was established in response to a cooling environment. The disappearance of fir needles at about 2100 yr BP indicates further lowering of treeline and the establishment of the modern cold and moist climate at the site.
Conclusions
The progression from a alder-birch-willow-sage assemblage in Zone 1 (ca. 9000-7800 yr BP) to a spruce-fir-alder assemblage in Zone 2 (ca. 7800-4200 yr BP) probably reflects colonization of the site by arboreal species in response to early Holocene warming. A similar progression was observed in the Atlin district by Miller and Anderson (1974) and was also attributed to regional warming, but did not take into account the differential migration of arboreal species into the area. The appearance of spruce and fir needles (ca. 5200 yr BP) in the lake sediment indicates vertical migration of these species to Susie Lake. The good correspondence between abundant spruce and fir pollen and needles reinforces the interpretation that these vegetation changes are a result of regional warming.
The significant pine pollen percentage increase at 4000 yr BP likely represents the northern migration and establishment of pine near the site, probably at a lower elevation in the Stikine River valley. Though it is difficult to differentiate between the pollen from the coastal species of pine (Pinus contorta) and the interior species (Pinus contorta ssp. latifolia), the pine pollen identified was probably produced by the interior species (MacDonald and Cwynar, 1985) . MacDonald and Cwynar (1985) have documented the northward migration of Pinus contorta ssp. latifolia using sites that follow the spine of the eastern Cordillera. The first appearance of Pinus contorta ssp. latifolia in the vicinity of Susie Lake is consistent with the results of MacDonald and Cwynar (1985) .
Relativly high birch pollen percentages from 4000 yr BP to about 3000 yr BP could indicate a maturing forest and understory at the site. Alternatively, increases in birch pollen along with the persistence of subalpine fir needles may record the de-velopment of openings in the forest and the establishment of an subalpine fir-dominated parkland at this time (Hebda, 1995) .
The absence of spruce needles (after ca. 4000 yr BP) and fir needles (after ca. 2000 yr BP) indicate a lowering of treeline to near-present elevations in response to regional cooling. Both hemlock and sedge pollen percentages are elevated from ca. 2000 yr BP to Present. Hemlock is not present in the local forest suggesting that the pollen was blown to the site. Its appearance in the record may reflect changing forest composition on the coast in response to regional cooling and an increase in moisture. A slight increase in the percentage of sedge pollen (not transported great distances by wind; Faegri and Iverson, 1975) at the same interval in the core as the hemlock may be an indication that moist conditions might have prevailed at the Susie Lake site during this time interval.
The SLC4 record exhibits some similarities with late Holocene coastal records. Heusser (1965) interpreted a moist period from 2000 yr BP to Present in the Taku district that conforms to the record at Susie Lake. Pellatt and Mathewes (1995) noted a decrease in western hemlock and sitka spruce in their record at about 3200 yr BP and attribute this to a declining alpine treeline that may be associated with the Tiedemann glacial advance. The similarities of the alpine Susie Lake record to sea level coastal records may reflect similar moisture regimes at the two areas. Although Susie Lake is located on the eastern (rain shadow) side of the Coast Mountains, its elevation may be sufficient to create a local moisture regime similar to that on the coast.
Paleoenvironmental conditions at Susie Lake can also be interpreted from the sedimentological record. Both the sedimentology (diamicton) and the pollen record from the basal 20 cm of the lake core suggests a recently deglaciated landscape. The date of 7990 ? 80 yr BP (280 cm) provides a minimum age for the moraine at the outlet of Susie Lake (Figs. 1, 3 ). Ryder and Maynard (1991) recognized that late phase (Fraser Glaciation) local readvances occurred in the northern British Columbia but that no Late Pleistocene moraines had been recognized in the Coast Mountains. We suggest that the Susie Lake moraine is Late Pleistocene in age and that active alpine ice probably persisted in the Susie Lake valley until about ca. 9500-9000 BP Graded beds (Fig. 6) were observed in all cores and were probably produced by debris flow generated turbidity currents that originated on an alluvial fan (Figs. 1, 2, 3) . The graded beds in the bottom third of the core (ca. 9000-6000 yr BP) may be a consequence primarily of the instability of the recently deglaciated landscape coupled with relatively high frequency of debris flow-generating storm events. The number a graded beds declines significantly from ca. 6000 to 3000 yr BP and may be a consequence of warmer, possibly drier conditions and a decrease in the frequency of storm events. An increase in the number of graded beds at ca. 3000 yr BP may document an increase in storm activity in the region which may be related to regional climate deterioration. Lowering of the treeline during this period may also have resulted in slope destabilization increasing the likelihood that debris flows would be initiated during storm events.
Changes in storm frequency could be a consequence of an inland shift of regional air mass circulation cells. The Susie Lake site lies in the transition zone between the moist Pacific air mass and the drier Arctic air mass. Cwynar (1993) has demonstrated that late Holocene changes in exotic western hemlock pollen percentages at an interior site occurred independently of changes in pollen percentages at a coastal site that was within the range limit of western hemlock. An increase in the frequency of penetration of the Pacific air mass into the interior site (and the accompanying change in circulation pattern) is one possible explanation for these observations. In the Susie Lake record, the increase in exotic western hemlock approximately corresponds with the increase in the number of graded beds. We suggest that both debris flow activity and a decline in the elevation of alpine treeline at Susie Lake might be a consequence of a change in regional air mass circulation during the late Holocene.
